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In view of the above amendments and the following remarks, reconsideration of 
the outstanding office action is respectfully requested. 

Claims 1,3,9, and 1 1 have been amended, claim 2 has been cancelled without 
prejudice, and new claim 53 has been added. Descriptive support for the claim 1 amendments is 
found, inter alia, in original claim 2, paragraphs [0038], [0039], [0115] with Table 1, [0130], 
[0132], [0137], [0139] and [0144]. Descriptive support for claim 9 amendments can be found in 
paragraphs [0042], [0054], and Example 1. Amendments to claim 1 1 are supported by 
paragraphs [0043] and [0045]. Descriptive support for new claim 53 is provided in claim 1 and 
paragraph [0039], No new matter has been added by way of the above amendments. 

Claims 1, 3-6, 9, 1 1-13, 19-22 and 53 are under examination, and claims 14-18, 
23-26, 32-46, and 48-52 stand withdrawn. No excess claim fees are due with this submission. 

The objection to claim 1 1 for informalities is overcome by the above 
amendments. The objection to claim 1 1 should be withdrawn. 

The rejection of claims 1, 2, 6, 9, 1 1-13, and 19-22 under 35 U.S.C. § 1 12, first 
paragraph, for failing to comply with the written description requirement is respectfully 
traversed. 

The United States Patent and Trademark Office ("PTO") has asserted that the 
application fails to identify the structure/function relationship of factor VIII proteins and 
therefore cannot support the genus of factor VIII proteins as claimed. Applicants respectfully 
disagree, because the specification demonstrates that the structure/function of factor VIII 
proteins was well known in the art, and factor VIII nucleic acid and amino acid sequences were 
well known in the art at the time of filing. 

As evidence that the structure and function of factor VIII proteins was well 
known in the art, the specification identifies wild-type factor VIII nucleic acid and amino acid 
sequences from human, rat, mouse, dog, chimp, and pig by their Genbank accessions. These 
Genbank accessions are incorporated by reference into the specification. The specification also 
references the availability of homology and alignment analyses for factor VIII proteins via the 
HAMSTeRS internet site (see paragraph [0033]). Attached as Exhibit 1 is the referenced 
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HAMSTeRS alignment of human, porcine, murine, and canine factor VIII, which demonstrates 
the high degree of homology among these proteins that was known in the art at the time of filing. 

With respect to the human sequence, which for the above-noted reasons 
represents the genus of mammalian factor VIII, the sequences and domains are explicitly 
identified in paragraphs [0034] - [0038]. The presence of a conserved Al domain calcium 
binding site is identified in paragraph [0038] and illustrated in Figure 6, which shows an 
alignment of corresponding regions of human, murine, porcine, and canine factor VIII. 

Moreover, the specification explicitly identifies mutant factor VIII proteins that 
were previously known in the art and can be modified in accordance with the present invention. 
These are identified in paragraphs [0041] - [0054], and the contents of cited references are 
incorporated by reference into the application. 

From the foregoing, persons of skill in the art fully appreciated at the time of 
filing that a known structure/function relationship exists for mammalian factor VIII proteins, 
whether a wild-type form or a previously known mutant form. 

University of California v. Eli Lilly and Co., 1 19 F.3d 1 559, 43 USPQ2d 1398 
(Fed. Cir. 1997) is cited by the PTO for the proposition that a general recitation of function is 
insufficient to define the structure of a protein. This decision confirmed that the single disclosed 
rat cDNA encoding insulin did not support claims to human cDNA encoding insulin (no species 
disclosed), mammalian cDNA encoding insulin (1 species disclosed) and vertebrate cDNA 
encoding insulin (1 species disclosed). However, in sharp contrast to the facts in University of 
California, as noted above many mammalian factor VIII proteins were known in the art prior to 
the present invention — both wild-type and mutant forms. Importantly, their structural 
homology was also known (see attached Exhibit 1 and Figure 6 of application). Applicants 
therefore submit that the recitation and incorporation by reference of six different wild-type 
mammalian factor VIII proteins and dozens of mutant mammalian factor VIII proteins 
adequately supports the genus as claimed. The assertion on page 4 of the office action that the 
specification only supports human factor VIII is therefore improper. 

The rejection of claims 9 and 1 1 is obviated by the above amendments. 

For all these reasons, the rejection of claims 1, 2, 6, 9, 11-13, and 19-22 for lack 
of written description is improper and should be withdrawn. 
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The rejection of claims 1-6, 9, 11-13, and 19-22 under 35 U.S.C. § 11 2, second 
paragraph for indefiniteness is respectfully traversed. 

Claims 1 and 6 are rejected for lack of clarity concerning the term "specific 
activity". Claim 1 has been amended to recite "specific activity, as measured in a one-stage 
clotting assay". This clotting assay is well known in the art and identified in the specification 
(see Example 10). The one-stage clotting assay measures the ability of a product — in this case, 
the claimed product — to shorten the clotting time of hemophilia A plasma in a system containing 
activated partial thromboplastin. It is called a one-stage assay because, after a preincubation of 
the activated partial thromboplastin, factor Vlll-deficient plasma, and the product being tested to 
achieve contact activation of plasma, the single step of recalcifying the incubation mixture leads 
to fibrin clot formation. The one-stage clotting assay is described, and compared to other known 
in vitro assays, in Lundblad et al., "Issues with the Assay of Factor VIII Activity in Plasma and 
Factor VIII Concentrates:' Thromb. Haemost. 84:942-948 (2000) (copy attached as Exhibit 2). 

Claims 9 and 1 1 are rejected for lack of clarity in failing to define the term 
"portion" as it relates to domains Al, A2, A3, CI, and C2. Claim 9 has been amended to instead 
recite a recombinant factor that is B domainless, which overcomes this basis of rejection. For 
these reasons, the rejection of claims 1-6, 9, 11-13, and 19-22 for indefiniteness should be 
withdrawn. 

The rejection of claims 1-6, 9, 11-13, and 19-22 under 35 U.S.C. § 102(a) as 
being anticipated by Wakabayashi et al. "Residues 11 0-1 26 in the Factor VIII Heavy Chain 
Contain a Ca 2+ Binding Site Required for Cofactor Activity," Blood, ASH Annual Meeting 
Abstracts, 102(1 1): p542a, Abstract 1988 (2003) ("Wakabayashi") is respectfully traversed. 

Wakabayashi is not available as prior art under 35 U.S.C § 1 02(a). Pursuant to the 
accompanying Declaration of Philip J. Fay under 37 C.F.R. § 1 . 132 ("Fay Deck"), Wakabayashi 
does not evidence knowledge or use of the present invention by others in this country prior to the 
invention by applicants. Specifically, non-inventors Jan Freas and Qian Zhou prepared and 
purified reagents under the direction and control of one of the inventors (Fay Deck f 4). Neither 
Jan Freas nor Qian Zhou contributed to the conception of the claimed invention (Id). For these 
reasons, the rejection of claims 1-6, 9, 11-13, and 19-22 for anticipation by Wakabayashi is 
improper and should be withdrawn. 
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The rejection of claims 1, 2, 6, 9, 12, 13, and 19-22 under 35 U.S.C. § 102(b) for 
anticipation over U.S. Patent No. 5,422,260 to Kaufman et al. (''Kaufman") is respectfully 
traversed. 

The PTO cites Kaufman for disclosing mutant human factor VIII comprising at 
least one to three amino acid mutations at certain positions and exhibiting procoagulant activity, 
methods to produce such variants of factor VIII and pharmaceutical compositions of such 
variants. This rejection is improper, because the PTO has failed to demonstrate that the 
mutations specified by Kaufman (at amino acid positions 220, 250, 279, 282, 325, 338, 346, 359, 
395, 407, 698, 700, 741, 1664, 1680, and 1719) are in or near at least a calcium binding site of 
the Al domain. As recited at paragraph [003 1], "in or near" means within about five amino acid 
residues from a residue that directly interacts with Ca 2+ or Mn 2+ ions. Also, the PTO has failed to 
demonstrate that the recombinant factor VIH of Kaufman has a specific activity, as measured by 
one-stage clotting activity, that is higher than that of a wild-type factor VIII, Given these 
deficiencies, the rejection of claims 1, 2, 6, 9, 12, 13, and 19-22 for anticipation by Kaufman is 
improper and should be withdrawn. 

The rejection of claims 1, 2, 6, 9, 12, 13, and 19-22 under 35 U.S.C. § 102(e) for 
anticipation over U.S. Patent Application Publication No. 2005/0100990 to Saenko et al. 
("Saenko") is respectfully traversed. 

Saenko is cited for teaching methods to increase the procoagulant activity of 
factor VIII by substituting one or more amino acids in the A2 domain. Saenko further teaches 
the methods to produce such mutants and pharmaceutical composition comprising such mutant 
factor VIII. None of these modified residues is present in the Al domain, and therefore none of 
these residues involves a calcium binding site of the Al domain. This rejection is therefore 
improper. For these reasons, the rejection of claims 1, 2, 6, 9, 12, 13, and 19-22 for anticipation 
by Saenko should be withdrawn. 

The rejection of claim 1 3 under 35 U.S.C. § 103(a) for obviousness over Saenko 
in view of U.S. Patent No. 5,859,204 to Lollar et al. ("Lollar") is respectfully traversed. 

The teachings and deficiencies of Saenko are noted above. Lollar is cited for 
teaching a hybrid factor VIII having human and animal factor VIII amino acid sequences, 
methods of preparation, and use of such hybrid factor VIII. However, PTO has failed to 
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demonstrate how Loller overcomes the deficiencies of Saenko. For this reason, the rejection of 
claim 1 1 for obviousness over the combination of Saenko and Loller is improper and should be 
withdrawn. 

In view of all of the foregoing, applicant submits that this case is in condition for 
allowance and such allowance is earnestly solicited. 

Respectfully submitted, 

Date: February 23. 2009 /Edwin V. Merkel/ 

Edwin V. Merkel 
Registration No. 40,087 

NIXON PEABODY LLP 
1100 Clinton Square 
Rochester, New York 14604 
Telephone: (585)263-1128 
Facsimile: (585) 263-1600 
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HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



1 AfiRRYYLG AVE L S WDYMQ SDHlgE LEVDErF P PRYPfSsl 

1 aHrRYY LG AVE L S WDYgQ S3 L LSB L H VD T R F P0(EP£lff" 

1 AHRRYY L GAVE LSW&YIQ SDL L SHiHfijD$RFgPR^Hjd 

1 A0RKYYLG AVE L S WDYMQ SDL L S0 LI ^ DT B 1F Bi RVP<3 M 



HUMFVIII SO fcFVEFTDGjLFNIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLH 

PIGFVIII 51 VFVEFTDQLF§VASPRPPWMGLLGPTISAEVYDTVVVTLKNMASHPVSLH 

MURFVIII 51 VFVBtiSDOLFNIAKPRPPWKGLI.GPTlSSEVBjDTVVITLKNMASHPVSLH 

CANFVIII 51 VFYEF TDQLFNIAKPRP PWMG L LG P T I Q AEVYDTVVlB_LKNMASHPVS LH 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



1 00 AVG VSYWKASEG AE YDDC TS QREKEDDKVF PGgSHT Y VW5 VLKENG PMAS 

101 avgvsF¥kssegaeted(EtsqrekeddkvBpghsEttvwovlkeng pOas 

101 AVGVSTWKASEGBETED5TSQSJEKEDDKVFPGESHTTVW5VLKENGPMAS 

101 AVGVSYWKASEGAEYEDQ TS QKEKEDD^V^PGE SHT YVWQYLKENG PMAS 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



150 DPflCLTYSYLSHVDLVKDLNSGLIGALLVCItEGSLAKEJSTQTLHgFILLF 

151 DP PC L TYSYL SHVDL VKDLNSG L IGAL LVCRBG S I»{jRERT Q^jLHEFYL LF 
151 DPPCLTYSYHSHVDLTKDLNSGLI'SALLVCKEGSLSKERTCJLBSFVLLF 
151 DPPClTYSYgSHVDLVKDLHSGLIGALLVCKEGSLAKERTQTLgEFVLLF 



HUMFVIII 2 00 AVF DECKS WHS ETBj 

PIGFVIII 201 AVFDEGKSWHSEENDSEjj 

MURFVIII 201 AVFDEGKSWHSETNDSBTOS 

CANFVIII 201 AVFDEGKSWHSETNESLTSB 



HasaraCSpkmhtvngyvnrslpgligch 
BaHar ah P@MH tynqyvhrsl pg l igch 
basarhgpkmht yng yvnr s l pg l igch 
HJEJihting yvnrs l pg lSEch 



HUMFVIII 250 6KSYYWHYIGMG T T PEVHSIF LEGHTF LVRNHRQAS LE IS P I TF L TAQ 

PIGFVIII 2 51 KKSVYWHVIGMGT3PEVHSIF LEGHTF LVRgjHRQASLE IS PLTFLTAQTl 

MURFVIII 251 RKSVYWHVIGMGTTPEXHSIFLEGHTFEVRNHRQASLEISPITFLTAQ 

CAHFYIII 245 KR S V YWH V I G MG T T PEVHSIF LEGHTF LVRNHRQAS LE IS P ITF L TA£ 



HUMFVIII 300 LMDLG QF L LFCHI SSHQHDGMEAYVKVDSC PEE P Q LRM] 

PIGFVIII 301 LMDLGSFLLFCHISSHgHBSMEJjEVRi/BSCSEEPQLRgi 

MURFVIII 301 LlDLGQFLLFCHISSHBHDGMEAYVKVDSCPEEa ^gg l 

CANFVIII 295 LMDLGSFLLFCHIHsHGHDGMEAYVKVDSGPEEPQLRM: 



IDYDD 

Jedydd 

fNEEgEDYDD 

lYDD 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



3 49 DLijDSBMDVV] 

3 49 HLYDSDMDVVl 

3 51 DLYiSHKDlC 

3 43 gLYDSDMDV 



393 gPTP»DRS| 




IQIRSVAKKHPKTWVHY lgA] 
SPFI 2 IRS VAKKHPKT WVHYIgA] 
[SS PF I Q IRS VAKKSPKTWIHYiHa] 



|S SPFI Q IRSVAKKHPKTWVHYIE 



EEEDWDYAPg 
EEEDWDYAPA 
EEEDWDYAPS 
EEEDWDYAPS 



3 99 VJ30PDDRS YKSgYLNNG P QRIGRKYKKVRF&AYTDE TFKTREA lolSE SG I 
3 99 VPS PgDRS YKS0YLNHG P SRIGRKYKKgRF VAY T ifi T F KT RjgA I0KE SG I 
399 VP tBd»S S YK sHy LHNG PEgR I G RK YKK VRF 1 A Y T DB T F KT REH I cBe S G t 
" ' ""-"-"ylnng P QRIGiCKYKKVRF VAYTDE TFKTRE AI C0E SG I 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



4 49 lg p l lygevgdt l l i ifknqasrpyni yphg i tdv@p lj5] 

4 49 lgpllygevgdtlliifknsasrpyniyphgitdvsslhf 

449 lgpllygbvgdtlliifkncasrpyniyphgitdvsplhJ 

4 43 lgpllygevgdtlliifknqasrpyniyphglggv*plh< 



bLPKGVKHL 



HUMFVIII 499 KDgP I L PGE IFKYKWT VT VEDG P TKSDPRC L TRYYS SFVNMERDLASG L I 

PIGFVIII 499 KDMP I LPGEHFKYKVTVTVEDGP TKSDPRC L TRYYS SllNLElSDLASG LI 

MURFVIII 499 KDjjP iQjPGE IFKYKWT VT VEDG P TKSDPRC L TRYYS SF IHBeRDLASG L I 

CANFVIII 493 KDMP I L PGE IFKYKWT VT VEDG P TKSDPRC L TRYYS SF INLERDLASG L I 



HUMFVIII 549 GP L L IC YKE S VDQRGNQ IMSDKRNVI LF S VFDENfgs WYLTEN3, QRF L Pill 

PIGFVIII 5 49 GPLLICYKESVDQRGNQMMSDKRNVILFSVFDENHSWYLjjENlQRFLPN] 

MURFVIII 549 GPL L ICYKE SVDQRGNQMMSDKRNVI LF SiFDENWSWYiTENStQRF L PN| 

CANFVIII 543 G P L L ICYKE SVDQRGNQMMSDKRNVI LF S VFDEKgSWYLTENHCRF L PN| 
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HUMFVIII 599 gGVflQSDPBF QASNIMHS INGYVFDS L Q L S VC LHE VAYWYI L SfGAQ TDF 

PIGFVIII 5 99 gGLQ P QDPEF Q&SNIHHS INGYVFDS L QL SVC LHS VAYffYI L SVGAO TDF 

MURFVIII 599 P QDPgF QASNIMHS INGYVFDS LB LTVC LHEVAYWfgl L SVGA3 TDF 

CAHFVIII 593 ^gVQ P[jjDPEF SfJSNI MHS ING YVFDjjL Q L S VC LHEVAYWYI L SVG AG TDF 



HUMFVIII 
PIOFVIII 
MURFVIII 
CANFVIII 



6 49 L SVFFSGYTFKHKMVYEDTL ? LF PF SGE TVFHSMENPG LWILGCHNSDFR 

6 49 LSVFESGYTFKHKMVrEDTLTLFPFSGBTVFMSMENPGLWVLGCHNSDBR 

6 49 L S IFF SGYTFKHKMVYEE'TL T LE P F SGE T VFM3MENPG LWV LGCHNSDFR 

6 43 L SVFF SCYTFKHKMVYEDTLT LF PF SGE T VFMSMENPG LWVLQCHNSDFR 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



699 NRG M T A L L KV S S C D5? S| 

699 NRGMTALLKVjj: - . * 

699 3RGMTALLKV 

693 NRGMTALLKV = - : 1 



3DYYEDSYBDII 

5dyydm tyedi . , 
|syte£Jyedip 

f&TYEDTYEDIP 



HUMFVIII 749 PSTR$K$$> 
PIGFVIII — 
MURFVIII 
CANFVIII 



: A T T I P END I EKQD PEHAEl 
•EpTpPg HG El 



|T@PEDDV; 

_ _ _ w . 7 I igNDM: 

7 43 PSTKBKQ0KATT@PEHDIEKI 



: T I PgHDMEK IB P Q^EfEB M 

dQsegeetql 




iS x N@IEPRSFSQNSRH 
l:WIEPRSF4<!NSRja 
» ibPR S fB C NT©!? 
jBNNVlfJPRSFSQNSRH 



_ SSSDLLMLLjgQH 
[GER7 SgL^^S VHsSD^M L L<3 <M 
M L ;C? Q S V SfSs DH L M L L G QH 
' SVSSSDLLMLLGSJI 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



848 VFTFEgllLukRLNSi! 
845 VHTPEpI^, 

849 VFTPftPilLSLfL 
840 jgFTPEPlLQLRLWElLG^l 



JKVSS*SNNLS^|§TIPSDNLA 
^SS SSDi ^#?^PTIPSDBLS 
g V S SEE&I L MT Bi T IQ S DN lO 
pt'E LKKLDLKI SS SSDgLMT £ P T I PSEjjjLA 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



HUMFVIII 
PIGFVIII 
MURFVIII 
CANFVIII 



HUMFVIII 1045 

PIGFVIII 1001 

MURFVIII 1047 LI 

CANFVIII 1040 LI1 



HUMFVIII 1095 S. 
PIGFVIII 1018 ~ 
MURFVIII 
CANFVIII 



HUMFVIII 1145 SBKNKVV 

PIGFVIII 10 56 

MURFVIII 1147 SEKNK' 

CANFVIII 1136 



iRAHOPAgLTKDNALFKVBl 
:sahg p aHltkddElfkvni 

"iHGljAn L T KDHg LF KgNV 
! " " " L0KDN A LFKVNI 
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HUMF VIII 1195 QEB I EKKEg LIS Eg W t P QIHT0TG TKHFHKNiFL L S T RQH VE Sgj&XHi 

PIGFVIII 1102 aBEMBREBKLVQEBvgl,PQVgTAT(?TKNFI J ENIFgB3TaBV'E'3> og fW 

MURF VI I 1 1197 0 EE I EHKEgL IE EgVV L P QVH[j]A TG S KNF L KSIglLgT RSN tliiyi ^lBl 

CANFVIII 1184 HEEIERKEKLBCbBvBI'P gUSTjgfr; TKHF LKNLF LIS TKQN^pl^^^^ 



HUMF VI 1 1 1245 APVLGE@RS LNDS 71; S| 

PIGFYIII 1152 APVQQDSRSLNDSr^ 

MVRFYIII 12 44 SPVL Qi(fJ0S iMTJSTl 

CANFVIII 12 34 0F IL C'PTRS LNDif" 



,EAfl6N3T | S8 8 S ei^i 

LE'S LGN'J T|2C'MVE.S>» 
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HUMFVIII 1293 : 

PIGFVIII 1192 i 

MURFVIII 1293 i 

CANFVIII 1282 j 



gLKSFRLPLEEgi 
gLKagRLPLEEll 



- -Jtgrsk^lHsfr^ 



|||ST(§wsj| 

IpSTOWfWC 



£jEF K I 3 STQWSK 



HUMFVIII 1343 ; 

PIGFYIII 1234 ; 

MURFVIII 1319 \ 

CANFVIII 1331 : 



HUMFVIII 1393 ; 

PIGFYIII 1234 I 

MURFVIII 1368 SSAFPMKO'D"^PlPFQS~. - 

CANPVIII 1381 ISAflPSt^PDLTK'iPBftpSSH LP AS*i 



HUMFVIII 1439 KRNNLS 

PIGFVIII 1 243 KRNNL S 

MURFVIII 1415 KgNHQSL. 

CANFVIII 1431 KRNNLSL. 



HUMFVIII 1 48 9 SGKVELL; 

PIGFVIII 1293 SGKgEgL: 

MURFVIII 1465 SGKIELLPj 

CANFVIII 1481 SBKVEL: "' 



^■TLEMt^aSBHSs LGjJS ATNS VTTKKTEHTV l| 
JLTLEK^sbGFflSA LGKSA^BlSBklS^* 

"SfiG KFTS^KSiTNSVrn^gE^iLKPl 
giSGKFSSLGKSATHgjJJjYKKLENTVLlflPGLgET 



S KG S PGHLt>L^^0L«>gTBGg3:KWl^aA 
~]SH»iHBDL^pIF LSJKTgjG P Vja?NKj| 
SPG HLKLMgETF L£ KHg G PQKWHKA 
JSPGHLDLMjJjl F LQKT QG PVK^NKjJJ 




HUMFVIII 15 39 NRPGKVPF.U 

PIGFVIII 1343 NRPGj 

MURFVIII 1515 T 

CAHFVIII 1531 1 



jl PKEE ¥KS£EKSPE 
""^kwSsHEKSPia 
gylP JVFs(aEKSPE 
T 2 1 PgEE tf K S£[jK HQ 



HUMFVIII 1389 i 

PIGFVIII 137 0 

MURFVIII 1563 

CANFVIII 1581 • 



jNHA I A A I NE G {; WKPEfiE STWAK 2G^3R LC S 
MHSI AABhEGC J^^ OREgg^HKOG BWG RLCA 
flfiS I Q AgHE B y Nffl P ^REjjTwflK aGKBlRBc £ 
0AAINE G £DK P 0 RE Iglw AK 0 gBHg R LC S 



HUMFVIII 1638 ONP P V LKRH£ RE I* 

PIGFVIII 14 20 BOPPYLRRH^RiDli 

MURFVIII 1611 2HPPVLKRH2REt<^ 

CANFVIII 1630 SNPPVgKHHfiREI* 



v : j e d fd i y£3e de n f>3 

"teDFDIYGEDENfta 
|EDFDITgEE«j2G 

iEDFDIYGDgENfiG 



HUMFVIII 1688 P RS FQ KKTRH YFIA AYERLWDYG MSS S P HVLRNRAQ S G@VP £ FKK YVFOE 

PIGFVIII 1470 PRSFQKRTRHTFIAAVEHLWDYGMSgSPRBLRNRACgGEVPaFKKVVFgE 

MURFVIII 1658 PRSFQHKTRHTFIAAVERLWDYGHS*SBHVLRNRB$SHB5VP fiPKKVVFfiE 

CANFVIII 1680 0RSF2KKTRHYFIAAVERLWDYGMSgsPHlLRNRAGSGE>v8cFKKWFQE 



HUMFVIII 1738 FTDGSFT£PLYRGELNEHLGLLGPYIRAEYEDNIMVTFRN£ASRPYSFYS 

PIGFVIII 1520 F@DGS FT$ P3YRGE EJ^jjHLG LLG P YIRAE VEDNIMVT FKNQ ASRP YSFYS 

MURFVIII 1707 FTDQ S FS £ P LYRGE LNEHLG LLG P YIRAE VEDNIMVT FKNQ ASRP YS FYS 

CANFVIII 1730 FTDGSFT£PLYRGELNEHLGLLGPYIRAEVEDNIVVTFKNQASRPYSFYS 



HUMFVIII 1788 S LI S YEEDCgSGAE PRKNFVKPNETKjjYFWKVSHHMAPT^EFDCKAWAY 

PIGFVIII 1570 SLISYJ3DD2^GAEPRSNF^PNETR^F¥KV2HHMAPtSdeFDCKA¥AY 

MURFVIII 1757 S LI SYSED$8gG@E PRRNFVKPNETkHt F¥KV gHHMA PI'JBdE FDC KAWAY 

CANFVIII 1780 SLISYDEDEafiGAEPRRgjFVjBPNETKgYFWKVCHHMAP'I^pEFDCKAffAY 



HUMFVIII 1838 F SDVDLEKDVHSG L IG P LLYCHSNTLNP AHGR Q VTVQ EFAL FFTI FDETK 

PIGFVIII 1620 F SDVDLEKDVHSG LIG P LL IcHaNTLN|JahGR Q VTVQ E FA L FFTI FDETK 

MURFVI II 1806 F SDVD LERDMHSGL IG P LL ICreANTLN P AHGR Q VS VQ E FALffFTI FDETK 

CANFVIII 1830 F SDVD LEKDVHSGL IG P LL ICgS NTLNP AHGR Q VTV£ E FALgFTI FDETK 
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HUMFVIII 1888 S WYFTEN&ERNCRA PCN£$ MEDP TEKEN YRFH AINGY IMDT LPG LVMA^D 



pigfviii 1 670 swyftenverhcrapc[E|<smedptlkenyrfhaingyvmdtlpglvmagb: 

MURFVIII 1856 S WYFTENV^NCffOPCNjifiMEDPTLKEN YRFH AINGYVMDT LPG LVMAQD 
CANFVIII 1880 SWYFTEN$ERHCRAPCN*GSEDPTLKEN*>RFHAINGYVgDTLPGLYMAGD 



HUMFVIII 1918 QRIRWYLLSMG SNE NIHS I HFSG HVFTVRKKE E YKMAlJiYNLYPGV FETVE 

PIGFVIII 1 720 QRIRUTLLSMG SNE NIHS IHFSG HVFSVRKKE EYKHAVYNLYPGV FETVE 

MURFVIII 190(5 QRIRWYLLSMGjjNE NlflJsiHFSG HVFTVRKK3 E YKMA VYNLYPGV FETCE 

CANFVIII 1 930 Q KYRWYLLSMG SNE NIHS IHFSG HVFTVRKKE EYKMAYYNLYPGV FETVE 



HUMFVIII 1988 M LP SK0G IWR#EC L IGEHL||aGM STLFL VYS8KC£TP LGMA SGHI RDF£ I 

PIGFVIII 1770 M LP SKWG IWR IEC L IGEHL Q AGM STjjFL VYSKgC^P LGMA SGRIRDFQ I 

MURFVI II 1 956 HIP SRgG IWRVEC L IGEHL ftAGM STLFL YYSkKc -jjHP LGMA SG§I RDFft I 

CANFVIII 1980 MLPSBBGIWR3CECLIGEHL2AGMETLFLYYSKKC2TPLGMASGHIRDF2I 



HUMFVIII 2 0 38 T ASG fi YG QWA PKLARLHYS G S IN AWSTKE-P FS VIKVD LLAP MI IHG igTft 

PIGFVIII 1820 TASGC^YG A PKLARLHYS GS IN AWSTKDPSJS WIKYD LLAP MI IHG I|BT$ 

MURFVIII 2006 TASG0YG QWA PKLARLHYS G S IN AWSTKEPFS VIKVD LLAP MIVHG iRto 

CANFVIII 2030 TASG 2 YGftWA PKLARLHYS G S IN AW STKJDP FS WIKVD LLAP MI IHG lffiT£ 



HUMFVIII 2 088 G ARfiK FS S LY I S 2 FI IMY3 LDGKKW^TYRGNS TGTLMVFFG NVDS SG IKH 

PIGFVI II 1 87 0 GARQKFSSLYISQFIIMYS LDGRjJjWftS YRGNS TGTLMVFFG NVD& SG IKH 

MURFVIII 2056 G AR$K FS SLY I S £ FI IMYS LDGKKWgS YgGNS TGTLMVFFG NVDS SG IKH 

CANFVIII 2080 G AR£K FS S LYVS $ F I IMYS LDGgjKWgjsYRGNS TGTLMVFFG NVDS SG IKH 



HUMFVIII 2138 NIFNP PIIARYIRLHPTHYSIRSTLRME LMGCDLNSC SMP LGME S KAISD 

PIGFVIII 1920 N I FNPPIVARYIRLHPTHYS IRS TLRME LMGCDLNSC SMP LGM^KAISD 

MURFVIII 2 106 nBfNPPIIARYTRLHPThBsIRSTLRMELMGCDLNSCSIPLGMESKSiSD 

CANFVIII 2130 NIFNP P I I A0YIRLHPTHY S IRS TLRME L&3C DgNSC SMP LGMES KAI SD 



HUMFVIII 2188 AfilTASSI 

PIGFVIII 1970 S^ITASSg 

MURFVIII 2156 gj^ITASS7 

CANFVIII 2180 AftlTASST! 



fcNM FA T¥ S P S 5 AR L H L 2 G R SNA W R P 0 VNN£KE W L 2 VDBiJKT 
lO: FA TW S P S Q APX H L 2 G R TNAWR P@ vg@3BE W L 2 V Dg2 KT 
iTNMFATWSPS ^ARLHL^GRTNAWRP^VNDPKgWLfiVEWSKT 
iSBMjjjATWS P S QARLHLQGRTNAWRP C'KtMN PKE WLC 1 VDtitlKT 



HUMFVIII 2 238 MKVTG VTT^G VKS L LTSMY VKE F LI S S S ftDGHOWTLFgSNG KVKV F£GN ft 

PIGFVIII 2 0 20 VKVTG ITTQG VKS L LSSMYVKE F LVS S S QDGRWWTLF LODG H0KV F$GN£ 

MURFVI II 2 206 MKVTG I0T2 G VKS lStSMFVKE F LI S S S SDGhEwtBOlBNG KVKV F£GNO 

CANFVIII 2 230 MKVTG ITTftG VKS LlflSMYVKE F LI S S S gDGHNWTLF L^NG KVKV FfiGNgj 



HUMFVIII 2 288 D S^TP VVNS LDP P L LTRYLRIHP OSWHhJIi ALRHEYLGCEA ftS 

PIGFVIII 2 070 DSSTPVYNALDPPLBTRYLRIHPBSWA|gIALRLEVLGCEAeB 

MURFVIII 2 256 DSSTP«MNSLDPPLLTRYLRIHP ftBWjplIlALRLE^LGCEA {|j 

CANFVIII 2 280 D S STP vJJnQlKP P LVQRYVREiHP £ SWAHjgl ALRLEVLGCDjjCH 



http ://europium . esc . mrc . ac . ukAVebPages/Database/Protein/lineupS . gif 



2/5/2009 



Exhibit 2: Lundblad et al, Thromb. Haemost. 84:942-948 (2000) 



Thromb Haemosi 2000; 84: 942-8 



it':; ;(J0O Schatoroer Verlag, Stuttgart 



Review Article 



Issues with the Assay of Factor VIII Activity in Plasma and 
Factor VIII Concentrates 

Roger L. Lundbiad 1 ' 2 -*, Henry S. Kingdon 3 , Kenneth G. Mann 4 , Gilbert C, White 5 

From the 'Department of Pathology. University of North Carolina, Chapel Hill, 
^Baxter Healthcare - Hyland Immuno Division, Duarte, CA, 
3 Baxter Healthcare ~ Hyland Immuno Division (Lake Cook, IL), 
^Department of Biochemistry, University of Vermont, Burlington, VI and the 
5 Department of Medicine, Division of Hematology-Oncology, 
University of North Carolina at Chapel Hill, USA 



Key words 

Factor VIII, factor VIII assay/concentrates, chromogemc assays 
Summary 

A review of the literature suggests that assays accurate for the deler- 
mitiatiori of factor VI1J in plasma samples may not necessarily retain 
this accuracy when used for the determination of factor VIII in high- 
purity factor VI!f concentrates such as Hemofil* M. Review of assay 
data suggests that it is imperative to obtain maximal activation of rhe 
factor VHI in the sample with thrombin when using an assay system of 
isolated coagulation factors such as the two-siage assay or the various 
chromogenie substrate assays. Based on a combination of ease and 
reproducibility of performance and correlation of in vivo and in vitro 
measurements, it is recommended that die one-stage activated partial 
thromboplastin time performed with plasma from an individual with 
severe hemophilia A be used for the measurement of factor VIII potency. 
Chromogenie substrate assays can be used if care is taken to assure 
optimal activation of factor VIII by thrombin in the assay and rhe 
presence of sufficient Iklcr IXa. phospholipid and calcium -ons rc. 
stabilize factor Vlfla during the assay process. 

Introduction 

The accurate assay m factor VIII is critical in the management of 
hemophilia A and will be of increasing importance as new modes of 
therapy such as continuous infusion and other prophylactic approaches 
are developed (1-5). A desirable criterion for such an assay is thai it 
should be equally sensitive and accurate with therapeutic uince.mrai.es 
and patient samples after infusion. It is equally important for manufac- 
turers of therapeutic concentrates, to have a robust and accurate assay 
far use in the alignment of potency The Wntld Health Organization 
(WO) and the International Society on Thrombosis and Haeinostasis 
(1STH) have long been involved in calibrating and distributing standards 
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for use in these assays (6, 7). It has been understood that a concentrate 
standard (e.g. MEGA I) must be used when assigning concentrate 
potency (8, 9; and that a plasma standard be used when calibrating 
clinical assays although there cati be issues w.ffo this approach 1 10). It is 
important, however, that concentrale arid plasma assay correlate well in 
order to make sense out of the clinical results. 

The activaied partial thromboplastin time (aPTT) (II, 1 2) has been 
used extensively for the factor VIII assay both in therapeutic concen- 
trates and in hemophilia A patients. There has been concern that the 
aPTT does not provide an accurate measurement of the potency of 
highly purified factor VIII ( 1 3, 1 4). fi has been suggested that differen- 
ces between values obtained with the aPTF and a chromogenie or two- 
stage assay reflects the presence of activaied factor VIII in these prepa- 
rations (15-17). Another emerging complication for factor VIII assays 
is the European requirement for the use of chromogenie substrate assay 
systems for factor VIII (!8j. The European Pharmacopeia describes 
a generic chromogenie substrate assay and gives recommendations on 
the level of purity of die factors used in lormulate die assays (generally 
around 50%) and the concentration of the various components. The 
method recommends that the reaction to activate the factor X be termi- 
nated before all the factor X is activated. The package inserts of the 
various commercial chromogenie substrate assays do not alwav.s 
contain enough information to know if thev meet the criteria in the 
Pharmacopeia. 

The purpose e-f'thU review ;s to critically examine the various assay 
systems currently available for the assay of factor VIII activity both 
in therapeutic concentrates and plasma samples. The review also con- 
siders the advances in the understanding of the biochemistry of fac- 
tor VIII that are relevant to the various assay systems. The reader is 
referred to several recent reviews offactoi VIII for general informa- 
tion (19-24). 

Mechanism of Action of Factor VIII in Blood Coagulation 

A major problem m [he assay of factor VIU is that this protein can 
only be measured in an indirect manner, Factor VIII is not an enzyme 
but rather a procofacio: in the activation of factor X by factor IXa 
(19-24). Thus, all currently available factor VUI assays measure fac- 
tor VHI indirectly through its cofcetor activity (available only after 
peptide bond cleavage) to generate factor Xa. Factor Xa is measured 
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either in a direct manner such as described below for the chromogenic 
.substrate assay systems or m an indirect manner through the formation 
of fibrin by thrombin formed by the coagulation cascade. 

Activation State of Factor VIII 

The assay of factor VIII would be less complicated if factor VIII did 
not require activation pnor to function as a cofactor in the activation of 
factor X (25, 26 ). Activatton of factor VIII by thrombin results in an ob- 
served 30-50 fold (27, 28) or greater (29) increase in cofactor activity. 
However, the full extent of potential factor VIII activation is not known 
since the activity of single-chain lacwr Vlil, unlike that of the homo- 
logous molecule., factor V (3l>), has not been rnciinircd In the absence 
ol specific cata to !hc contrary, it is generally assumed mat single chain 
factor VIII does not have any cofactor activity (3 1 , 32). However, esti- 
mates of baseline activity are Ha wed also because as with factor VIII, 
all assays are indirect. Understanding of the activation process is 
further complicated because species of factor VIII which have under- 
gone some, but not all of the peptide bond cleavages required for full 
activation, demonstrate enhanced cofactor activity corresponding to the 
degree of processing (33), For example, it was determined that cleavage 
of the 80 KD light chain to the 70 KD AjC^C, fragment is associated 
with a six-fold increase in activity (33). Cleavage of the heavy chain at 
residues 372-373 yields the heterotrimer, A,. A,, A,C,C, (34, 35) and 
resulted in additional activation but the product was quite unstable. 
Recent studies (36, 37) with abnormal factor VIII proteins isolated from 
patients with mild hemophilia A have provided additional evidence 
for the importance of light chain cleavage at 1689-1690 during the 
activation process, These studies demonstrated that abnormal factor VIII 
proteins cleaved poorly at residues 372-373, are still partially activated 
by thrombin via light chain cleavage. Previously, this cleavage was 
considered to be not as critical as heavy chain cleavage for the activa- 
tion process (38. 39); the change in perspective occurred when it be- 
came appreciated that light chain cleavage is required for von Wille- 
brami factor i v\\T ) dissocial ton ami vWF dissociation fiom factor VIII 
is required for cofactor activity (39). The importance of light chain 
cleavage in the factor VII! activation process has been further demon- 
strated by Regan and Fay (40) in experiments where the isolated throm- 
bin-cleavcd light chain was allowed to associate with the isolated 
heavy chain. The activity of this hybrid protein was some three-fold 
greater than the factor VIII obtained front the association of intact light 
chain and heavy chain. 

Proteases other than thrombin have been demonstrated to activate 
factor Vfll, Factor Xa is the most likely protease to augment the activity 
of thrombin. While factor Xa can partially activate factor VIII, it is 
clear thai complete activation :s accomplished only with thrombin 
|41 ,421. It has beei itirieu iha la 1 > I n activate Fac >r III hut 
the contribution of this reaction to factor VIII cofactor function would 
be far less significant than that catalyzed by thrombin or factor Xa (43). 
In vitro studies would suggest that thrombin activation is requisite for 
biological function (25. 27, 44-50). It is emphasized that factor VIII, 
once activated to factor Villa, decays quite rapidly 

Influence of von Wiliebrand Factor on Factor VIII Activity 

The presence of von Wiliebrand Factor ( vWF) appears to influence 
the in vitro assay of factor VIII. Highly purified recombinant factor VIII 
preparations which do not contain vWF gave lower-fhan-expeeted 
potency values when assayed in vWF-deplettd factor Vlll-deficient 
plasmas (51, 52). As a result, dilution of highly-purified factor VIII 



samples in hemophilia A plasma prior to assay has been recommended 
(53-55). In support of this concept, it has been shown that plasma vWF 
is required for a normal cir a ng half-life for fecto VIII 156)3 d thai 
vWf-free recombinant factor VIII associates with vWF after infusion 
(57). In addition to this effect on the state of factor VIII in the circula- 
tion, vWF also directly stabilized faciei VIII (58). 

While the results with the use of vWF-antibody-immunodepIctcd 
factor VIH-defkieiit plasm;; may result in an urisattstUctory assay for 
high-purity concentrates, such substrate plasmas continued to be useful 
for factor VIII assay in plasma samples (59). Equivalence as a diluent 
has been reported for hemophilia A plasma and factor VIII -deficient 
plasma obtained by treatment with EDTA (55). Rothschild et al. (60) 
have reported that a plasma depleted by both a factor VIII antibody 
and a vWF antibody yielded equivalent results compared to hemophilia 
A plasma with intermediate and high purity plasma-derived concen- 
trates. 

Clear biochemical evidence for the importance ofvWF in a factor VIII 
assay system has not been demonstrated. vWF does not appear to have 
an effect on the thrombin-activation of factor VIII with respect to the 
increase in biological activity but does serve as a cofactor for a non- 
rate limiting step ;n the overall activation process (61, 62). These 
studies were performed with porcine factor VHI and it is not clear that 
such results would be obtained with the human protein However, if 
these results could be effectively translated to the human system, a role 
for vWF in the assay systems wouici be clear considering the essential 
role of thrombin in the factor VIII activation process. For example. 
Vckuvich et ai 1 63 » presented data supporting a role for vWF in a two- 
stage assay but not in a one-stage assay. Somewhat the opposite con- 
clusion was reached by other investigators who reported that factor VIII 
wiih greatly reduced vWF content appeared to have higher activity in 
the two-stage assay than in the one-stage assay (64). 

vWF does appear to inhibit the activation of factor VIII by factor Xa 
(65, 66). In other studies, vWF has been reported to decrease the 
stability of both thrombin-modified and factor Xa-modified factor VIII 
(67). The issue of the influence of vWF on the assay of factor VI II in 
high purity concentrates versus plasma factor VIII or low-purity con- 
centrates is complicated by the marked differences in vWF quality in 
the high-purity factor VIII concentrates (68-70). Aronson and Chang 
showed that while a recombinant factor VIII (Kogenate*) and a highly 
pun Red factor VIII concentrate obtained by iinmunoaffimty chromato- 
graphy with a factor VIII antibody (Hemofil 1 * M) readily associated in 
vitro with von Wiliebrand factor to form a more-rapidly sedimenting 
complex on ultraeentrifugal analysis (71), another highly-purified con- 
centrate obtained by immunoaffintty chromatography with a vWF 
antibody iMoitoclatc*) did not show this association in vitro with von 
Wiliebrand factor. There was no difference in the sedimentation be- 
tiavioi of the three therapeutic preparations a Iter infusion into a hemo- 
philic patient. Differences belween Monoclate® and Hemofil* M have 
been demonstrated in a chromogenic substrate assay system (14) and 
in data shown below. The molecular basis for the assay discrepancies 
is not clear but it is unlikely to be related to the activation state of 
factor VIII since factor Villa (activated factor Vfll) does not effectively 
bind to von Wiliebrand factor (72). 

In Vttro Assay Systems for Factor VIII 

Three types of assay systems exist for the measurement of factor VIII 
in biological samples (73). These are the one-stage partial thrombo- 
plastin time using factor VUI-deficient plasma (II, 12), the two-stage 
iLSsay(74, 75)and chromogenii s b I tc t says (76, 77). 
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The one-stage assay for factor VIII measures the ability of a sample 
to shorten the clotting time of severe hemophilia A plasma after contact 
activation and recalculation. This assay uses the intrinsic system m 
which the reaction is initiated via contact activation with fibrinogen 
clotting as the endpoint. In the one-stage assay for factor VIII, factor VI11- 
deficient plasma is preincubated with phospholipid containing contact 
activation material such as kaolin or elagic acid and the sample; the 
assay itself is initiated by the addition of calcium chloride. The use of 
this assay assumes that factor VIII in the sample is rate-limilina with all 
other necessary components (clotting factors, phospholipid or activated 
platelets and other abactors) present at saturating levels. The aPTT, 
while likely the assay system most closely related to physiologic func- 
tion, has some major drawbacks, The assumption that all components 
other than factor VIII are present at saturating levels is not necessarily 
valid and the sample may contain components other than factor VIII 
which could contribute to or partially oppose the measured activity. An 
example of this is provided by the observations on the apparent in- 
fluence of vWF on observed factor VIII activity (5 1 . 52). The presence 
of trace amounts of factor VIII in the substrate plasma also can influence 
results (78). Finally, there is evidence that each factor Vlll-deficient 
plasma will give a somewhat unique slope for the standard curve. 

The two-stage assay system consists of two separate reaction periods. 
The first incubation contains the factor VI1S sample in combination 
with a serum reagent which contains human serum (source of factor IXa 
and factor X}, bovine serum absorbed with barium salts (source of 
factor V/Va}, calcium ions and phospholipid. The prothrombins (79) 
which is formed is measured in the second stage by the ability to 
activate prothrombin to thrombin with the rate of fibrinogen conver- 
sion to fibrin being measured. Since the two-stage assay is an isolated 
system, there is (it no ph> >i li gicall grolfcant thrombin feedback 
activation of Factor VII] and (b) no modulatory effect of plasma pro- 
lease inhibitors (serpins), 

The third type of assay system available is the chjomogenic substrate 
assay(s). It should be noted that the chromogenic substrate assay systems 
are so-named not because of a similarity in reaction mechanism, but 
rather that a colored product, p-nitroanihne, is the signal measured (80). 
Chromogenic substrate assays arc related to the two-stage assay in that 
there are usually two incubation periods. The first, which actually mea- 
sures factor VIM cefaclor activity, involves the reaction of factor IXa, 
calcium ions, factor X, phospholipid and the sample or reaction blank; 
factor Xa is produced during this incubation period. The second in- 
cubation period measures the factor Xa produced in the first incubation 
period, using a peptide nitroanilide substrate. The hydrolysis of the 
peptide nitroanilide substrate forms n-nitroamline which is usually 
measured by absorbance at 405 nm. 

Currenily, there are four chromogenic substrate assay systems which 
are commercially available, these chromogenic snbsuate assays are not 
equal with respect to mechanism: 

(1 ) The original Chromogenix system contains factor X, factor IXa, 
prothrombin, calcium ions, phospholipid and the factor VIII sample/ 
standard/blank. 

(2) The Dade-Behnng, the new Chromogenix (8 1) and Biopool systems 
contain factor X, factor IXa. thrombin, calcium ions, phospholipid 
and the factor VII! saniple.'standard/blank. These three systems 
contain thrombin which is added to maximize factor VIII activation 
such that there would be improved molecular homogeneity of factor 
VIII dunng assay. 

All of these assay systems consist of two stages. The first stage 
generates factor Xa, the difference between the two types of systems is 
that the Dade-Behnng, the new Chromogenix and the Biopool systems 
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Table I Comparison of two ulrra-high purity factor 
chromogenic assays and the activated partial thromboplastin 
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contain thrombin while with the first Chromogenix assay thrombin 
must be generated during the first stage incubation. The second stage is 
essentially identical for the various systems in that there is a chromo- 
genic factor Xa substrate, buffer and a thrombin inhibitor. It is the 
hydrolysis of the chromogenic substrate that is actually measured in the 
assay. The rate of hydrolysis will vary between methods depending on 
the chromogenic substrate used. Although all modem chromogenic 
substrates have reasonable specificity, sonic cross-reactivity cannot be 
discounted. All formulations on the market at present contain thrombin 
inhibitors preventing thrombin interference in the assay. A new chromo- 
genic substrate assay has been reported by Immuno, The Immuno assay 
uses all human proteins but contains no thrombin (82). 

What about comparison of assay results 7 As has been mentioned 
above, there have been continuing reports of discrepancies between 
assay systems. While not wishing to complicate the issue, Table I 
presents a comparison between two ultra-high purity factor VIII con- 
centrates with three assay systems. The point of this comparison is not 
to argue for the superiority of one concentrate vs, another but rather 
to emphasize the importance of thrombin in the chromogenic assay 
system. It is clear that with either concentrate, the aPTT is the most 
accurate measure when compared to label potency; the Dade-Behring 
assay system which contains thrombin would appear to be more accu- 
rate that the original Chromogenix system. 



Concentrates: Problems In the Assay of High Purity 
Factor VIII 

The accurate determination of factor Vlll potency in therapeutic 
concentrates is of critical importance to all participants; manufacturers, 
treaters and patients. In the final analysis it is the in vivo hemostatic 
effectiveness which is decisive in dosing considerations. What then is 
the most reliable in vitro assay to predict in vivo performance 9 Our 
thesis is that the one-stage activated partial thromboplastin time (aPTT) 
is at present the most accurate assay for the determination of factor VIIE 
potency in therapeutic concentrates, '11ns recommendation is based not 
on theoretical considerations but rather or. rhc observed correlation with 
clinical performance with the potency of factor VIII preparations 1,83) 
However, recognizing that the chromogenic assays provide advantages 
in terms of more facile integration into laboratory information manage- 
ment systems and (he lack of necessity of using hemophilia A plasma, 
we submit that a chromogenic assay system could be effectively used 
for potency assessment and patient management only if there is clinical 
experience to verify that vial potency designation is meaningful in the 
determination of dose and that this dosage translates by determination 
, . r it" nl pia ma 1 1 toi \ III activity >i t. f \U ' ictt i . nno! f bl . 
ding under the full spectrum ol clinical experience. 
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Factor Vlll Assay Results: In Vivo Studies 

Earlier studies with less highly-purified concentrates reported that 
two-stage activity was increased as compared to one-stage activity. 
When the two assays were used to follow the i» vim pharmacokinetics 
of factor Vlll, the one-stage assay gave a yield equivalent to 100% 
recovery while a lower recovery (80%) was, obtained with the two-stage 
assay (84). Similar results were obtained by other investigators with an 
intermediate purity concentrate (85). The one-stage assay gave 109 ± 20% 
of predicted activity recovery while the two- stage assay gave 92 t 14%. 
The Cbromoeeuk C'oatest assay gave a similar result |91 ± 11%). 
Smaller differences in in vivo recovery with intermediate concentrates 
using the three assay systems were observed by other investigators (86). 

While the one-stage assay has been criticized as being unreliable 
(87), it appears to remain as the assay of choice for the management of 
patients with hemophilia in the clinic on a global basis (83, 88-1 00). 

Factor Vlll Assay Issues to Be Resolved 

Specific issues regarding the assay of factor Vlll are as follows and 
must be resolved or reconciled for the successful interpretation of al! 
factor VIII assay results. 

First, in any assay system (one-stage, two-stage, chromogenic), 
factor Vlll activity is measured by the rate of factor X activation. Given 
our current understanding of factor VIII, if the factor Vlll sample con- 
tains any species other than fully activated (i.e. thrombm-activated i 
factor VIII, the assay will then, in fact, be a coupled system. With un- 
activated factor VIFI, conversion to factor Villa must be effectively 
accomplished before its participation as a col'actor in the activation of 
factor X; as such, without full activation of factor VIII, it is possible 
that the assay system would measure the rate of conversion of factor 
VIII to factor Villa rather than the amount of factor Vlll present. This 
system is comparable to other coupled assay systems used in clinical 
chemistry (IQi-104): in this context, the generation of factor Xa by 
factor IXa is dependent upon the rate of generation of factor Villa such 
that the activation of factor X is coupled to the generation of factor 
Villa, Any coupled assay system must be rigorously validated to de- 
monstrate unequivocally that the measured response is directly related 
to the concentration of the substance being measured. In other words, in 
the case of factor Vlll, the amount of factor Xa formed in a specific 
time period and measured either by rate of formation (kinetic rate 
assay) or amount formed after a specific period of time (endpoint assay) 
must be proportional to the amount of Factor VfO in the system. While 
this may be accomplished in the chromogenic assays cited herein, it is 
somewhat more difficult for either the two-stage or one-stage assay 
systems. With respect to the nature of the factor VIII molecular species 
present, the activation step must not be rate limiting. Molecular homo- 
geneity would be most easily accomplished in an isolated system (either 
two-siagc or chromogenic I by fully activating the factor Vlll sample 
prior to assay while assuring that there is sufficient factor IXa, calcium 
ions and phospholipid to stabilize the activated factor VIII during the 
assay. 

Secondly, how does vWF affect factor VIII function and does the 
quality of the vWF matter',' The quality issue refers to whether there is 
a difference between high-molecular weight vWF, intermediate mole- 
cular-weight vWf and vWF dirtier, The potential differential effect of 
vWF (quantitative ants qualitative! on the various assay systems must 
be elucidated lor successful interpretation of results; ir particular, the 
influence of the hemophilic plasma used for dilution of the high purity 
concentrates must be explained. 



Third, there is the general issue of the in vivo recovery of ultra-high 
purity factor VI H concentrates with particular emphasis on the recom- 
binant DNA products (Kogenate®, Recombinate® and Refacto* 1 1 05 ). 
fhei ' s I j . ti onside blei ent interest in problems associated with 
Refacto®. Refacto® is a B-domainless recombinant factor Vlll thera- 
peutic developed by Pharmacia-Upjohn (106-108) which is being com- 
mercialized by Genetics Institute. While primary data is not available 
with the use of Refacto® in hemophilia A subjects, Lusher and collea- 
gues (109) state that "While recovery values are higher with the 
chromogenic assay than with the one-stage assay for the two full-length 
recombinant FVIJI preparations, a unique discrepancy exists for she B- 
domainless rFVUI preparation, Refacto®. With Refacto 1 , recoveries 
measured by the chromogenic assay are as expected, whereas one-stage 
methods give values of approximately 50% of that expected." Mikacls- 
son et ah (1 10) reported that there are marked differences in the phos- 
pholipid requirement in the assay of Refacto® compared to the other 
factor Vlll preparations. This might explain the differences observed 
by Lusher et al. (109). In earlier studies on B-domainless factor Vlll, 
Pittman et al. {1 1 1) note similar activity values for either the Coatest 
chromogenic or the one-stage assay. In a study of some structurally- 
related factor VIII derivatives, Mertens et al, (112) report large diffe- 
rences between the chromogenic assay (cofactoi activity) and the one- 
stage assay with hemophilia A substrate plasma (proeoagulant activity). 
This is a complex problem which will require study in larger patient 
populations. 

Finally, regardless of the type of assay chemistry being used, in 
order to have valid assays one must adhere to appropriate statistical 
standards (c.f. 113), An appropriate dilution curve of both sample and 
standard must demonstrate linearity, a significant regression (i.e. con- 
centration dependence) and the lines for standard and sample must be 
parallel. 



Conclusions 

Given the current status of information on the assay of factor Vlll in 
therapeutic concentrates, we suggest the following recommendation 
pro tern. 

1 . The aPTT assay is an accurate and sensitive method for both the 
determination of factor VIII potency in therapeutic concentrates and 
for the subsequent measurement of factor VIII in hemophilic recipi- 
ents. 

2. Chromogenic Assays can also be accurate measures of factor VIII 
activity both in high-purity concentrates and patient samples if there 
is an appropriate thrombin activation step included in the assay pro- 
cess. Failure to include this step will result in an inaccurate measure 
of factor VIII activity in high-purity concentrates Relative to tins 
requirement is the need for the presence of sufficient factor IXa, 
calcium ions and phospholipid to stabilize factor Vflia during the 
assay. An equally important requirement is the demonstration of the 
clinical relevance of the potency designation as established by the 
chromogenic assay system. 
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